Our dramatically changed food environmentFsince periods in our history when food sources were highly constrainedFhas presented new challenges for obesity research. For example, these alterations have strongly emphasized the physiological differences between the homeostatic and the hedonic regulation of food intakeFthe latter being largely responsible for the pronounced increase in obesity in the past few decades. There is also increasing agreement that compulsive overeating shares many parallels with addiction disorders such as drug abuse. These factors have also fostered a renewed interest in identifying individual differences in personality and motivational systems that increase the risk for overeating and weight gain in our population. Reward sensitivity has been the focus of a recent body of compelling research, with evidence favoring two seemingly opposite points of view. On the one hand, studies have found support for a link between low reward sensitivity and obesity, whereas other evidence suggests that a strong appetitive motivation leads to overeating and weight gain. Arguments are provided to reconcile these apparently disparate theories. Finally, the role of impulsivity and its links with symptoms of attention deficit/hyperactivity disorder are discussed, as well as their respective roles in the risk profile for obesity.
Introduction
There is increasing agreement that excessive food consumption has many similarities to addiction disorders such as drug abuse, in part, because both activate the same brain reward mechanisms. They also have comparable clinical features, such as their escalating compulsion, the symptoms of tolerance and withdrawal, and the overwhelming cravings that contribute to repeated relapses after periods of restraint or abstinence. 1 The family transmission pattern of binge eating and substance dependence disorders also indicates a shared etiology unlike their respective associations with other psychopathologies, which appear to be transmitted independently. 2 Different from drug abuse, however, the concept of food addiction is a relatively recent phenomenon, and one whose emergence roughly coincided with the dramatic alteration in our food environment over the past two generations. Human energy sources are no longer constrained as they were historically. Instead, we have a superfluity of relatively cheap and energy-dense food, with its nearly unlimited availability.
In addition, the food industry appears to have focused on our natural desire for sugar and fat by increasing many-fold their 'dose' in much of what we eat each day. 3 Such changes have substantially exaggerated the physiologic distinction between homeostatic hungerFthat which follows a period of relatively prolonged food deprivationFand hedonic hunger, which occurs in the absence of privation. The latter is largely regulated by the palatability and rewarding properties of food, and is believed to play a critical role in weight gain. 4 Although the prevalence of obesity has doubled over the past few decades, its 'morbid' form (body mass index (BMI) 440) has seen an alarming fourfold increase. 5 Consequently, it is not unusual for current research samples to include obese participants with BMIs as high as 60 or 70. The widening BMI range for obesity, and in some cases its early age of onset, suggests a condition that is likely to have causally relevant subtypes. It has even been suggested that some cases of obesity should be included as a mental disorder in Diagnostic and Statistical ManualVersion V. 6 It behooves us, therefore, to focus our research efforts on finding biologically based moderator variables that distinguish one form of obesity from another. In addition, and despite the unprecedented number of consumer temptations facing all of us, there is great population variability in daily food intake with many individuals able to remain in energy balance and to maintain a healthy amount of body fat. Hence, another major challenge for obesity researchers is to identify the factors that foster one individual's proneness to weight gain, or buffer another from the same fate. Although a comprehensive risk factor profile for obesity must consider the social and cultural parameters of an individual's experience, this study will focus on certain psychological risk variables that have an established biologicalFand therefore heritableFunderpinning.
Reward sensitivity
Individual differences in the sensitivity or reactivity of the mesocorticolimbic pathway have been strongly implicated in the risk for drug addictions. 7 The research is divided, however, concerning the causal direction of this association. One argument favors the view that a reward deficiency syndrome is a key risk factor. 8 The premise is that addictive substances are used as a form of 'self-medication' used to boost a sluggish or hypo-functioning reward system and to increase hedonic capacity. Recently, these same arguments have been extended to the risk for obesity. 9 On account of the central role of dopamine in the activation of the common reward pathway, vulnerability research has largely concentrated on the functional availability of this neurotransmitter in the brain. Much of the obesity evidence supporting a 'reward deficiency syndrome' viewpoint has derived from either genetic or neuroimaging approaches examining dopamine D2 receptor levels and alleles of the DRD2 gene, which regulate their expression. [10] [11] [12] The most frequently studied polymorphism of the D2 receptor is the Taq1A. For many years, Taq1A was thought to be located in the 3 0 -untranslated region of DRD2. However, recently it was shown that this single-nucleotide polymorphism does not reside in DRD2, but in a neighboring gene called Ankyrincontaining kinase 1 (ANKK1). 13 It is not known how this marker influences DRD2 expression or whether the ANKK1 gene is biologically connected to the DRD2 function. It has been suggested that individuals with the Taq1A þ allele (that is, A1/A1 and A1/A2 genotypes) have reduced brain dopamine function compared with those with the A1 allele (that is, the A2/A2 genotype) because of a 30-40% reduction in D2 receptor density in the striatal region of the former group. 14 On account of its association with fewer D2 receptors, the A1 allele has been related to reduced mesolimbic brain dopamine signaling, and a deficient ability to experience natural reward. Some studies have found a higher frequency of the A1 allele and lower striatal receptor densities in obese individuals. 11, 15 These findings are typically explained by the speculation that an insensitive reward system fosters the overeating of energy-dense food to raise extracellular dopamine levels. 9 It is important to note, however, that much of the reward deficiency syndrome research on obesity was carried out on adults with extremely high BMIs, suggesting that this putative syndrome may be relevant only to a subset of obese individuals. The counter argument is that hypersensitivity to reward contributes to increased vulnerability for overeating because of an enhanced motivation to engage in pleasurable activities. In several studies, heightened reward sensitivity (assessed by self-report) was associated with emotional overeating, preference for high fat food, binge eating, and food cravings. 16, 17 Some brain imaging research is also in accord with this perspective. 18 Given the strong likelihood that obesity is a multiform condition, it is probable that these two theories are not incompatible, relating, instead, to different subtypes of obesity. For example, in a large sample of non-clinical adults varying broadly in BMI, we found an inverted-U relationship between BMI and reward sensitivity. 19 Other recent evidence also suggests that reward sensitivity might provide a dual vulnerability to obesity at both ends of the continuum of variability. 20 The endogenous opioid system also plays a prominent role in reward processes, including food intake. Opioids, especially the m-opioid system, regulate the 'hedonics of feeding' by their modulation of the palatability of food. These conclusions are largely based on evidence that opioids increase feeding in sated animals more effectively than in those who are food deprived, and that this effect is selective for highly palatable foods. 21 More recent study has identified a major role for m-opioid receptors, especially in the ventral striatum and amygdala where their activation enhances positive hedonic reactions to sweet and fatty foods.
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The m-opioid receptor gene (OPRM1) has been extensively studied for its role in drug abuse, especially for substances such as alcohol and heroin. 23 A functional markerFthe A118G single-nucleotide polymorphismFhas received particular attention. Although the exact mechanisms remain unclear, in vivo evidence supports a gain-of-function for those possessing the rarer G118 allele as seen, for instance, by increased reward from maternal attachment in rhesus macaque infants, increased stimulant effects of alcohol in humans, and a greater tendency to drug use and abuse in general. 24, 25 Animal study has also shown that administration of an opioid agonist in the nucleus accumbens induces binge eating of fat, probably by increasing the hedonic properties of this food substrate. 26 In a recent studyFand, to the best of our knowledge, the only one that has examined OPRM1 genotypes in relationship to weight gainFwe found that the frequency of the G allele differed significantly between obese adults with and without binge eating disorder. 20 The former group had a greater-than-expected frequency of the gain-of-function allele, whereas this allele was somewhat under-represented in obese controls without binge eating. The binge-eating group also had significantly higher scores on a self-report measure of hedonically driven overeating. By contrast, the non-bingeing obese may have a diminished physiological capacity for pleasure as a significantly greater percentage of them were carriers of the loss-of-function A1 allele of the D2 
Impulsivity
Impulsivity is a personality trait, which has been implicated in the risk profile for a great variety of addictive behaviors, as well as for cases of overeating. 27, 28 Despite the popularity of this construct in personality and behavioral disorders research, it has been the source of considerable theoretical and empirical confusion. This has been largely because of the absence of a uniform definition of the term; in addition, the various measures that have been devised to assess it are typically not highly correlated. However, after several decades of debate, most would now agree that there are at least two distinct aspects of this trait. On the one hand, impulsivity is used to describe behavior that is disinhibited, in which an individual has difficulty in stopping responses at times when inhibition is the most appropriate and advantageous thing to do. This type of impulsivity is often associated with aggressive and irritable behavior and resembles the characteristics of someone we might say has a 'short fuse'. The other facet of impulsivity is associated with a heightened drive for reward, which is not balanced by an appropriate sensitivity to punishment. In other words, impulsive individuals show pronounced weaknesses in learning appropriate associations between reward and punishment. Therefore, there is a tendency for these individuals to be highly fun seeking, to engage in risky behaviors, and to have a diminished ability to delay gratification. It is this reward-based impulsivity that has shown particularly strong associations with overeating and weight gain. We have found, for example, that obese individuals, compared with a group of normal-weight adults, prefer smaller immediate rewards over delayed larger rewards, as indicated by the 'indifference point' on a computerized measure of delay discountingFthat is, the amount of immediate dollars judged to be equivalent to a reward of $100 delayed by a variable number of days (C Davis, unpublished data).
A recent and interesting study has shown how rewardbased impulsivity may be especially problematic in our current food environment with its superfluity of highly palatable and varied sources of energy. Subjects were given either one bowl of ordinary marshmallowsFthe monotonous conditionFor an equivalent amount of energy in marshmallows of different forms, colors, shapes, and coatingsFthe variety conditionFin a bogus taste test. 29 They were also assessed by a self-report questionnaire on both reward-based and response inhibition aspects of impulsivity.
The results indicated a significant group (high vs low impulsivity) Â food condition interaction, but only for the reward-based measure of impulsivity. When the food was monotonous, there were no impulsivity differences. However, when variety was present, the high impulsive group consumed significantly more energy than their low-impulsive counterparts. Although these results are preliminary and tentative, they do indicate an intriguing interaction between genes and environment, and suggest that although impulsivity appears to be a risk for obesity in our present food environment, it may have played little role in food intake in earlier times in our history. Impulsivity is also a core feature of poor decision making, especially in cases in which the outcome of one's immediate action choices has future consequences. The human ability to choose present options, which favorably influence future outcomes, depends crucially on an accumulated 'emotional memory' of the consequences of our past interactions with similar events. 30 In other words, we form a probabilistic impression of how a particular action will turn out in the future from an emotionally biasing 'gut' feeling, which was generated when that action caused either a positive or a negative reaction in the past. The orbitofrontal cortex, in particular, is critical for activating feelings or emotional states from 'thoughts' about rewarding or punishing events that are not currently present in our environment. 31 Poor decision makers routinely fail to weigh the pros and cons of their actions appropriately and/or to postpone immediate gratification when such a choice has deleterious effects in the future, or when postponement would have resulted in a better reward at some future date. Therefore, their behavior tends to be guided by the negative or positive events in the present moment. A plethora of research using neuropsychological tests of decision-making ability has shown impairment in those with various mental health problems, including mania and depression, and especially in substance-dependent individuals. 32 Addicts tend to choose actions that bring immediate reward, even when this leads to a deleterious outcome at some later time. To date, there has been limited research investigating decision making in relation to eating behaviors. In particular, there have been no systematic studies of decision-making deficits in compulsive overeaters, although these impairments have been found in bulimia nervosa patients 33 and in obese women. 34 However, both these studies used small samples, and the findings have not been replicated.
Attention deficit/hyperactivity disorder (ADHD) traits
Finally, both impulsivity and reward sensitivity converge as risk factors for obesity when we consider their respective associations with ADHD, whose symptoms include
Psychobiological risk profile C Davis inattentiveness, distractibility, and restlessness. These symptom characteristics are also expressed in varying milder degrees in the general population within the range of normal human behavior. Addiction disorders are highly comorbid in those with ADHD, 35 impulsivity is a diagnostic criterion for one subtype of ADHD, low mesolimbic dopamine availability is seen as the root cause of ADHD symptoms, and low reward sensitivity has been found in some cases of substance abuse. 36 In recent years, we have also become aware of strong links between ADHD and obesity 37 Fan association of particular interest because of their individual connectedness to addictive behaviors. Therefore, some cases of obesity may be the consequence of a food addiction 38 that occurs, such as drug dependence, with greater prevalence in those with ADHD. Another unifying thread in these syndromes is the converging evidence that dopamine pathways play an important role in the expression of impulsivity.
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To date, the research linking obesity and ADHD has focused largely on comorbidity prevalence data. For example, in a sample of morbidly obese adults recruited from a bariatric clinic, almost half met diagnositic criteria for ADHD. 37 Only a handful of studies have examined mechanisms underlying the ADHD/obesity association. The principal finding is that measures of hedonic eatingFincluding binge eatingFmay mediate this relationship. 40 Our recent study also showed strong links between symptoms of ADHD and obesity in non-clinical samples recruited from the community. 36 ADHD symptoms were assessed by four widely used and well-validated measuresFone of childhood symptoms and the other of symptoms in adults. On all measures, normal-weight adults had significantly lower symptom scores than obese adults with and without binge eating, who did not differ from each other. Our findings suggest that it may be warranted to screen for ADHD in adults who seek help for weight loss, including those with binge eating, as methods used to treat ADHD successfully may help some obese individuals better manage their overeating.
Conclusions
Risk factor research in obesity has seen a recent paradigm shift with an increasing focus on individual differences in the psychological traits and motivation systems that contribute to the hedonic aspects of overeating. Variability in the functioning of brain reward mechanisms is at the heart of this interest. In this regard, obesity research has benefited greatly from the scientific discoveries made in the field of drug addiction research and by the viewpoint that some forms of obesity can best be modeled as an addiction disorder. On the other hand, obesity research has been handicapped by a pervasive reliance on an outdated methodology. The high prevalence rates of obesity globally, and the increasing standard deviation of BMI in individuals who are given this label, suggest that it is no longer tenable statistically to treat obesity as a uniform condition, especially from an etiological perspective. Although such approaches might be useful in epidemiological research for understanding the health consequences of obesity, the same tactics are generally inappropriate for understanding the causes of obesity. We badly need a greater emphasis on the identification of endophenotypes and individual difference variables that moderate the relationship between our excessive environmental food availability and the considerable variation in human daily food consumption.
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